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Introduction

ABSTRACT

Drugs targeting the mitogen-activated protein kinase (MAPK) pathway with BRAF and MEK inhibitors have
significantly improved survival outcomes of patients with melanoma harboring BRAF V600 mutations. To date,
three combination targeted therapies have been approved, based on the results of four randomized phase-lll
trials (COMBI-D, COMBI-V, CoBRIM, and COLUMBUS). In these trials, combined BRAF and MEK inhibitors
demonstrated superiority as compared with BRAF inhibitor monotherapy and showed quite homogeneous
data in terms of response rate (63%-70%), OS (median > 24 months), and PFS (median values ranging from
11 to 14 months). Consequently, different toxicity profiles of each combination therapy presently help with the
decision-making process. Despite these successful results, treatment resistance represents an issue during
both immunotherapy and targeted therapy, and there is presently no consensus on the therapeutic journey of
patients with BRAF mutant melanoma to optimize their survival results. Several strategies to further increase
therapeutic results of targeted therapy have been investigated, by combining and/or sequencing different treat-
ment approaches. In this review, we will present the molecular features of cutaneous melanoma, focusing on
BRAF mutation, the therapeutic rationale of targeted therapies, their efficacy, and toxicity, and give an overview
of future perspectives in the treatment of this disease.
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as immune-checkpoint inhibitors (ICIs), targeting the
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4),

Before the advances in the treatment of ad-
vanced/metastatic melanoma [i.e., unresectable stage
IIl/stage IV disease according to the American Joint
Committee on Cancer (AJCC) staging system, 8™ edi-
tion], disease outcomes with chemotherapy were very
poor [1]. Historically, patients with advanced disease
had median overall survival (OS) of approximately
7.5 months and a 5-year survival rate of ~6% [1]. Over
the last decades, two therapeutic strategies have sig-
nificantly improved survival outcomes of patients with
metastatic melanoma. The first one involves modulating
the immune system with monoclonal antibodies acting

or the programmed cell-death 1 (PD-1) [2-4]. The sec-
ond class of drugs targets the mitogen-activated protein
kinase (MAPK) pathway, which is constitutively active
in melanomas harboring BRAF V600 mutations [5]. To
date, targeted therapy with BRAF and MEK inhibitors
represents the first choice of treatment for most patients
with BRAF mutant melanoma due to the impressive
survival results obtained in certain settings (e.g., patients
with a low tumor burden). Several strategies to further
increase therapeutic results of targeted therapy have
been investigated by combining and/or sequencing dif-
ferent treatment approaches. Still, treatment resistance
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represents an issue during both immunotherapy and
targeted therapy, and there is presently no consensus on
the therapeutic journey of patients with BRAF mutant
melanoma to optimize survival results.

In this review, we will present the molecular features
of cutaneous melanoma, focusing on BRAF mutation,
the therapeutic rationale of targeted therapies, their
efficacy, and toxicity, and give an overview of future
perspectives in the treatment of this disease.

Molecular features of cutaneous
melanoma

Based on the pattern of the most prevalent sig-
nificant mutated genes in cutaneous melanoma, the
Cancer Genome Atlas Network (TCGA) performed
a multi-platform characterization of 333 cutaneous
melanomas at the DNA, RNA, and protein levels,
creating a framework for genomic classification with
four subtypes: mutant BRAF (with an incidence of
52%), mutant RAS (28%), mutant NFI (14%), and
Triple-wild type [6]. The most common BRAF mutation
is the V60OE, accounting for nearly 90% of mutations,
while others are far less common (e.g., V600K, V600D)
[7]- Other common genetic alterations found in cutane-
ous melanoma are NFI1 mutations (15%) and activating
mutations of neuroblastoma RAS (NRAS) (15-30%)
[6]. The gain-of-function BRAF and NRAS and the
loss-of-function NFI mutations all lead to the constitu-
tive activation of downstream RAS/RAF/MEK/ERK
proteins (i.e. the MAPK pathway), which proteins
sustain tumor cell proliferation and survival and is a key
driver in the pathogenesis of melanoma [8]. However,
despite several efforts, no RAS inhibitors have yet
demonstrated their efficacy in clinical trials [9]. Com-
binations of BRAF and MEK inhibitors that target the
MAPK pathway have been developed. Therefore, only
mutations in the BRAF"%% gene are therapeutically
relevant, while no other valid druggable targets have
been identified so far.

Current evidence and future challenges
of BRAF and MEK inhibitors

Vemurafenib (PLX4032; trade name: Zelboraf®)
was the first molecule to establish the clinical activity of
BRAF inhibitors (BRAFi) in BRAF mutant melanoma
[10]. The BRIM-3 trial was a randomized phase-III
clinical trial comparing vemurafenib with dacarbazine
in 675 patients with previously untreated BRAFVO00EK
mutant metastatic melanoma [11]. The overall response
rate (ORR) was 48% and 5%, with vemurafenib and
dacarbazine, respectively [11]. Clinical benefit was seen

in all enrolled patients, including those with M1c stage
and/or the elevated baseline lactate dehydrogenase
(LDH) level. Based on the results of this clinical trial,
in 2011, vemurafenib was approved by the United States
(US) Food and Drug Administration (FDA) for the
treatment of BRAFV%" mutant advanced melanoma
patients. A recently updated analysis of the BRIM-3 trial
results showed that Kaplan-Meier estimates of OS rates
for vemurafenib vs. dacarbazine were 56% vs. 46%, 30%
vs. 24%, 21% vs. 19%, and 17% vs. 16% at 1, 2, 3 and
4years, respectively [12].

Dabrafenib (GSK2118436; trade name: Tafinlar®)
was the second BRAFi to demonstrate a significantly
improved progression-free survival (PFS) in com-
parison with conventional cytotoxic chemotherapy
among patients with BRAFV%°E mutant melanoma
(5.1 vs. 2.7 months for dabrafenib and dacarbazine, re-
spectively) [13]. ORR was 50% and 6% in patients who
received dabrafenib and dacarbazine, respectively. Dab-
rafenib received US FDA approval for the treatment of
patients with BRAFV*E mutated melanoma in 2013.

Despite the clinical benefit seen in nearly all patients
with BRAF mutant melanoma receiving vemurafenib
or dabrafenib monotherapy, median PFS lasts only six
months and 90% of patients develop resistance within
one year from starting treatment [14]. Several acquired
molecular mechanisms account for this resistance; how-
ever, the most important is the reactivation of the MAPK
pathway through alternative activation of downstream
MEK [15, 16]. Dual MAPK pathway inhibition with
MEK inhibitor (MEKi) plus a BRAFi [17] led to im-
proved efficacy and tolerability of treatment, as reported
in the results of Phase-III prospective randomized stud-
ies [18-20]. The therapeutic efficacy of the vemurafenib
and cobimetinib (GDC-0973; trade name: Cotellic®)
combination was first demonstrated in the BRIM-7,
open-label, phase-Ib, dose-escalation study [21]. This
trial enrolled patients with advanced BRAFY® mutant
melanoma who had progressed, or not, on vemurafenib.
Treatment consisted of vemurafenib 720 or 960 mg
twice a day continuously, and cobimetinib 60, 80, or
100 mg once daily with different schedules of adminis-
tration (14-days on/14-days off, 21-days on/7-days off,
or continuous). The ORR was 87% vs. 15%, and PFS
was 13.7 and 2.8 months, in vemurafenib naive and
pre-treated patients, respectively. Median OS in BRAFi
naive population was 31.2 months, and OS at 1, 2, 3, and
4yearswas 82.5%, 63.9%, 39.2, and 35.9%, respectively.
This study found the safest schedule to be continuous
vemurafenib 960 mg twice daily, plus cobimetinib 60 mg
daily 21-days on/7-days off, which then became the ap-
proved regimen for clinical use.

The subsequent CoBRIM study was the clinical
trial that led to the FDA approval of vemurafenib in
combination with cobimetinib [18]. In this Phase-III
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multicenter trial, patients with previously untreated,
locally advanced stage IIIC or IV BRAFY%% mutant
melanoma were randomly assigned to receive vemu-
rafenib plus cobimetinib (n = 247) or vemurafenib
plus placebo (n = 248). The ORR was significantly
improved with the combination therapy compared to
BRAFi alone (70% vs. 50%, p < 0.0001). Updated
results with an extended follow-up showed that at
a median follow-up of 14.2 months, the median PFS
was 12.3 for the combination group and 7.2 months for
the control group (HR for death or disease progression
0.58, 95% CI1 0.46-0.72, p < 0.0001) [22]. Median OS
for the combination therapy group was 22.3 months
(95% C1, 20.3-not reached) vs. 17.4 months (95% CI,
15-19.8) for the monotherapy group (HR 0.70, 95%
CI 0.55-0.9, p = 0.005). Combined BRAFi + MEKi
confirmed their superiority regardless of baseline prog-
nostic factors, such as the tumor burden or presence of
visceral metastases: OS at 1-, 2- and 3-year was 74.5%,
48.3%, and 37.4%, respectively, in the vemurafenib plus
cobimetinib group, and 63.8%, 38.0%, and 31.1%, in
the control group. Survival results were even better in
the subgroup of patients with normal vs. elevated LDH
levels. A longer PFS was observed with the combination
even in patients with BRAF VoK mutant melanoma,
which is a rare mutation known to confer less sensibility
to BRAFi (HR 0.27) [22].

The pharmacokinetic activity and safety of com-
bined dabrafenib and trametinib (GSK1120212; trade
name: Mekinist®) was investigated in an open-label
study in 85 BRAFY% mutated metastatic melanoma.
The same study subsequently randomized 162 patients
with BRAFV® mutated metastatic melanoma to receive
combination therapy with dabrafenib plus trametinib
or dabrafenib monotherapy [23]. The median PFS was
9.4 months with the combination vs. 5.8 months with
monotherapy (HR for progression or death 0.39, 95%
CI0.25-0.62, p < 0.001). The phase-11I trial COMBI-d
evaluated 423 patients with advanced/metastatic
BRAFV%% mutant melanoma, who were randomly as-
signed to receive first-line treatment with dabrafenib and
trametinib or dabrafenib plus placebo [24]. The ORR
was higher with the combination therapy (67 vs. 51%,
p = 0.002). In the updated analysis, the median duration
of progression-free survival was 11.1 months. The PFS
rates were 21% at 4, and 19% at 5 years. Patients with
a normal baseline lactate dehydrogenase level (at or
below the upper limit of the normal range) had a 5-year
progression-free survival rate of 25% as compared with
8% in patients with an elevated lactate dehydrogenase
level at baseline. In the subgroup of 216 patients with
normal LDH levels and fewer than three disease sites
at baseline, the 5-year progression-free survival rate was
31% [25]. The median OS duration was 25.9 months,
with OS rates of 37% at 4 years, and 34% at 5 years. Simi-

larly, the 5-year OS rate was higher among the patients
who had a normal LDH level at baseline than among
those with an elevated level (43% vs. 16%). The esti-
mated 5-year OS rate was 55% among patients with
a normal LDH level and fewer than three organ sites
with metastasis at baseline [25]. Importantly, the combi-
nation of dabrafenib and trametinib seemed to improve
health-related quality of life compared to dabrafenib
alone [26].

The efficacy of dabrafenib and trametinib vs. ve-
murafenib alone was evaluated in the phase-III COM-
BI-v trial [27]. ORR was higher in the dabrafenib
plus trametinib arm compared to vemurafenib alone
(67 vs. 53%, p < 0.001). Median PFS was significantly
longer among patients treated with the combina-
tion therapy (12.1 vs. 7.3 months; HR 0.61, 95% CI
0.51-0.73, p < 0.001); median OS was also improved:
26.1 months and 17.8 months in the combination and
monotherapy group, respectively. Consistently, the
subgroup of patients with normal baseline LDH levels
demonstrated to gain even more benefit from the com-
bination therapy, with a median PFS? of 17.5 months
among patients treated with the combination therapy
(vs. 9.2 months with monotherapy, HR 0.55) while, in
the subgroup of patients with elevated LDH levels,
median PFS in the combination therapy arm was
5.5 months (vs. 4.0 months with monotherapy, HR 0.70).
In the subgroup of patients with normal LDH levels,
median OS was 21.5 months with vemurafenib alone
and median OS was not reached with the combination
(HR 0.56) [27]. According to the latest update, the
survival benefit was maintained over time: the 2- and
3-year analysis showed that 53 and 45% of patients,
respectively, were still alive in the combination therapy
group vs. 39 and 31% of patients receiving vemurafenib
alone [28].

Notably, trametinib was the only MEKi that showed
clinical activity as monotherapy in BRAF-mutant
melanoma. Based on the results of a phase-II study
on BRAFi-naive patients, in which trametinib showed
significant clinical activity in patients with BRAF-mutant
melanoma [29], the phase-III METRIC trial compared
first-line treatment with trametinib vs. conventional
chemotherapy (dacarbazine or paclitaxel) [30]. Patients
receiving trametinib demonstrated a higher ORR
(22 vs. 8%), a longer median PFS (4.8 vs. 1.5 months,
p < 0.001), and increased 6-month OS (81 vs. 67%,
HR 0.54, p = 0.01). Based on these results, in 2013,
trametinib was approved by US FDA for the treatment
of BRAF VOOEK mytant melanoma patients not previ-
ously exposed to BRAFi.

Recently, a third combination of BRAFi and MEKi
has been developed and approved. Combined treatment
with encorafenib (LGX818; trade name: Braftovi®)
and binimetinib (ARRY-162; trade name: Mektovi®)
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extended PFS and reduced the risk of death compared
to vemurafenib monotherapy, based on the results of the
pivotal two-part, Phase-III randomized COLUMBUS
trial [20]. In Part 1, BRAFVS'EK mytant metastatic
melanoma patients (n = 577) were randomly assigned
(1:1:1) to receive encorafenib 450 mg once daily plus
binimetinib 45 mg twice daily, or monotherapy with
standard-dose vemurafenib, or encorafenib 300 mg once
daily. The primary endpoint was the median PFS of the
combination versus vemurafenib. At the primary analy-
sis (median follow-up: 16.6 months), median PFS was
14.9 months in the combination group, and 7.3 months
in the vemurafenib group (HR 0.54, p < 0.0001). ORR
was 63% in the combination therapy group, and 40% in
the vemurafenib group. At a pre-planned OS analysis,
the median OS with encorafenib plus binimetinib was
33.6 months, compared with 16.9 months for vemu-
rafenib alone (HR 0.61, p < 0.0001) [31]. Part 2 of
the COLUMBUS trial was conducted upon request
of the US FDA, to better understand the contribution
of binimetinib in the combination therapy, through
comparison of encorafenib 300 mg once daily plus bini-
metinib 45 mg twice daily vs. encorafenib 300 mg daily
monotherapy. The second part randomized 344 patients
in a 3:1 ratio and is currently ongoing. Preliminary re-
sults from a primary analysis of Part 2 showed a longer
PFS with combination therapy (n = 258 patients)
compared with the encorafenib monotherapy group
(i.e. n = 280 patients treated with encorafenib 300 mg
in COLUMBUS Parts 1 and 2 combined) [32]. Median
PES was 12.9vs. 9.2 months for the combination and the
monotherapy groups, respectively (HR 0.77, p = 0.029)
[32]. A five-year update from the Part 1 of the COLUM-
BUS trial was recently presented, confirming a median
OS of 33.6 months and a 5-year OS rate of 34.7% with
combination therapy (median follow-up: 70.4 months)
[33]. The 5-year OS rate among patients who had normal
LDH at baseline and received combination therapy was
45.1%. The 5-year PFS rate for combination therapy,
encorafenib monotherapy, and vemurafenib mono-
therapy was 22.9%, 19.3%, and 10.2%, respectively;
ORR was 64.1%, 51.5%, and 40.8%; and the median
duration of response (DOR) was 18.6, 15.5, and 12.3 mo,
respectively [33].

The four randomized phase-III trials comparing
the therapeutic efficacy of the combination of BRAFi
and MEKIi vs. BRAFi alone (COMBI-D, COMBI-V,
CoBRIM, and COLUMBUS) showed quite homoge-
neous data in terms of the response rate (63-70%),
OS (median > 24 months), and PFS (median values
ranging from 11 to 14 months). The latter reflects the
development of resistance mechanisms in the majority
of patients. From a molecular point of view, the acquired
resistance is related to a re-activation of the MAPK
pathway [15-17]. From a clinical point of view, a regres-

sion tree analysis identified three independent favorable
prognostic factors during treatment with BRAFi plus
MEKi: pre-treatment LDH levels, presence of < 3 meta-
static sites, and the sum of lesion diameters < 66 mm.
In the most favorable prognostic group, 3-year PFS was
42%, suggesting that a low disease burden at baseline
can be prognostic for a long-term benefit with targeted
therapies [34, 35].

All studies with BRAFi + MEKIi continued treat-
ment until disease progression or the onset of unaccepta-
ble treatment-related toxicities, which is the standard of
care in clinical practice. Experience deriving from small
case series in the literature suggests that treatment dis-
continuation, even after the complete response has been
reached, leads to disease recurrence in 50% to 100% of
patients [36, 37] and is, therefore, not recommended.

On the contrary, in presence of oligoprogression,
targeted therapy can be continued to obtain the best
therapeutic results. In retrospective series, it has been
reported that the so-called “treatment beyond progres-
sion” can increase disease control by adding a loco-re-
gional approach and maintaining the targeted therapy.
In a retrospective analysis of 114 patients enrolled in
clinical trials, 31% of them progressed in isolated sites
[38]. Even after adjusting for potential prognostic factors
at progression, continued BRAFi was associated with
prolonged OS compared with cessation. In a long-term
follow-up analysis of patients treated in the phase-I ve-
murafenib trial, the median survival was 26.0 months
(range, 7.7-56.1) among 20 patients who continued
vemurafenib after local therapy [39]. Nevertheless, these
retrospective analyses cannot exclude selection biases
and different paths of melanoma growth in patients who
received (or not) treatment beyond progression.

Table 1 summarizes the outcome and landmark
analyses of the available doublet combinations. Cur-
rently, the long-term activity and the efficacy of different
combo-targeted therapies so far reported seem to be
quite similar. Consequently, different toxicity profiles
of each combination therapy should drive clinicians in
routine activity.

Targeted therapy for the treatment of
brain metastases

The activity of dabrafenib as monotherapy and dab-
rafenib plus trametinib was investigated in melanoma
patients with brain metastases. Results from the phase 2
BREAK-MB trial provided evidence that dabrafenib
monotherapy exhibits clinical activity and a manage-
able safety profile in patients with BRAFVOEK mytant
melanoma brain metastases, regardless of previous local
treatment [40]. The subsequent phase-II COMBI-MB
trial investigated the combination of dabrafenib and
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trametinib in four melanoma patient cohorts: (A)
BRAFVSE asymptomatic, no prior local brain therapy;
(B) BRAFYSE_ asymptomatic, prior local brain therapy;
(C) BRAFVOUDKR ‘asymptomatic, with or without prior
local brain therapy; and (D) BRAFV60DERR “gympto-
matic, with or without prior local brain therapy [41].
The primary endpoint was intracranial response rate
(IRR), and it was met only in cohort A (IRR 58%).
Intracranial responses were observed also in cohorts B,
C, and D (IRR 56, 44, and 59%, respectively), but due
to the small sample sizes of these cohorts, these findings
should be considered exploratory. The median dura-
tion of response was relatively short, between 4.2 and
7.2 months [41].

Data from the phase-II trial GEM 1802/ EBRAIN-MEL,
evaluating the combination of encorafenib and bini-
metinib among two different cohorts of patients with
brain metastases (i.e., patients with symptoms and those
asymptomatic) showed that this combination provided
intracranial response rate of 64.3% and 63.6% in the two
patients cohorts, thus supporting clinical activity of tar-
geted therapy regardless of the presence of symptoms [42].

Safety profile and toxicity of BRAFis and
MEKis

BRAFis and MEK:is display peculiar adverse events
(AEs), which are similar in the two classes of drugs while
some are specific to a particular drug. Both on-target
and off-target AEs have been reported, with on-target
AEs being related to the paradoxically hyper-activation
of the MAPK pathway. Most AEs are milder with the
combination of the two agents, while others exacer-
bate. Since targeted therapy is taken chronically until
disease progression or unacceptable toxicity, prompt
identification and treatment of AEs and preservation
of quality of life (QoL) are important goals in patients’
management [43].

The safety profile of BRAFi and MEKi drugs has
been well characterized both in clinical trials and routine
clinical practice. The highest rates of AEs seem to occur
early in treatment and their incidence decreases over
time [43]. Most AEs are mild [i.e. grade 1-2 accord-
ing to the Common Terminology Criteria for Adverse
Events (CTCAE) v. 4.03], transient, and easily manage-
able with treatment withdrawal, without requiring dose
adjustments. In studies with combination treatment, the
incidence of dose reduction or interruption due to AEs
range between 11-58% and 46—67%, respectively, while
the percentage of patients permanently discontinu-
ing treatment due to AEs was 11-14%. Importantly,
BRAFi- and MEKi-related AEs usually resolve with
therapy withdrawal and late toxicities are uncommon
after drug discontinuation [43].

Each combination displays a peculiar profile of AEs,
though most of them are similar and their prevalence
varies according to the specific combination. Table 2
summarizes the incidence of AEs reported in the major
clinical trials of mono- and combo-targeted therapy. The
most common AEs during treatment with vemurafenib
and cobimetinib were gastrointestinal (GI) events (i.e.
diarrhea, nausea, and vomiting), cutaneous rash, fatigue,
pyrexia, arthralgia, photosensitivity reactions, increased
creatinine kinase (CK) levels, and altered liver func-
tion tests (LFT). Some of those AEs had an increased
incidence in the case of the combination compared with
BRAFi monotherapy (e.g. GI events, photosensitivity
reactions, and altered LFTs). Similarly, combination
therapy was characterized by a higher incidence of
MEKi-related AEs, such as elevated CK levels and
ocular events. Ocular toxicity depends on the inflamma-
tory response and breakdown of the blood-retinal bar-
rier brought driven by MAPK pathway inhibition. AEs
can range from mild visual impairment and decreased
visual function to more serious uveitis, retinal epithelial
detachment, and retinal vein occlusion. The latter ef-
fect generally implies the permanent discontinuation of

Table 2. Overview and comparison of the major characteristics of clinical trials of combination targeted therapy for

melanoma

Clinical study ORR Median Median 0S (%) > 3 met. LDH I-O post Disconti-

(reference) PFS (o} sites > ULN nuation

Tyr 2 yrs 3yrs

COBRIM 70% 12.3 22.3 75% 48% - - 46% 18% 16.6%

COMBI-d 68% 11.0 25.1 74% 52% 44% 48% 36% 20% 14%

COMBI-v 67% 12.1 26.1 72% 53% 45% 50% 34% 9% 16%

COLUMBUS 76% 14.9 33.6 75.5% 57.6% 45% 29% 20% 15%

64% BIRC 6% drug

related

BIRC — Blinded Independent Review Committee; LDH — lactate dehydrogenase; ORR — objective response rate; OS — overall survival; PFS — progression-

free survival; ULN — upper limit of normal
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treatment. However, most ocular events are transient
and self-limiting and either resolve with dose reduc-
tion or temporary drug interruption [44]. Combination
therapy had a lower incidence of hyperproliferative
cutaneous lesions, which were commonly observed with
vemurafenib monotherapy [18, 21-22]. This type of skin
toxicity, affecting virtually all patients receiving BRAFi
monotherapy, results from the paradoxical activation
of the MAPK pathway leading to subsequent keratino-
cyte hyperproliferation and development of cutaneous
squamous cell carcinoma (SCC), verrucal keratosis,
and plantar hyperkeratosis [45]. Data from a specific
analysis of the characteristics and patterns of AEs in the
coBRIM trial indicate that most treatment-related AEs
generally occur early in the treatment course, are mild
to moderate, and are manageable by patient monitoring,
dose modification, and supportive care [43].

The safety profile of dabrafenib and trametinib was
evaluated in three clinical trials [19, 24, 27]. The most
common AEs were pyrexia, chills, fatigue, headache,
GI events (nausea, diarrhea), arthralgia, cutaneous
rash, and hypertension. Pyrexia, in particular, was one
of the leading reasons for dose modification, treatment
interruption, and permanent withdrawal [24]. Also,
for dabrafenib and trametinib, MEKi related AEs (i.e.
peripheral edema, decreased left ventricular ejection
fraction [LVEF], and acneiform dermatitis) were most
common with the combination therapy, while hyperpro-
liferative skin lesions were less commonly observed [24].

Data regarding the safety of encorafenib and bini-
metinib suggest that it might overcome other combina-
tion therapies for its tolerability. The most-reported
AEs in part I of the COLUMBUS trial were GI events,
fatigue, increased CK, and headache [31]. The incidence
and severity of pyrexia were much lower than with dab-
rafenib and trametinib. In the COLUMBUS trial, pyrexia
with encorafenib and binimetinib was low in frequency
(18%) with few grade 3 events (4%) and resulted in few
dose modifications or discontinuations. The majority
of the higher grade of adverse events were associated
with concurrent infection or progression of the disease.
Furthermore, photosensitivity was rarely observed.

Data from phase-II1 trials suggest that most AEs are
manageable with temporary drug interruption, while only
intolerable AEs require dose modification and/or discon-
tinuation. Usually, the drug that is most likely associated
with an AE should be interrupted and/or reduced. To
optimize clinical response while preserving QoL, early
detection and management of treatment-related AEs are
of paramount importance. Reports from case series of
patients interrupting treatment with BRAFi and MEKi
because of AEs onset after reaching complete response
show that almost half of those patients eventually relapse
[36, 37, 46, 47]. Even if most of these patients seem to
gain benefit from treatment rechallenge [47, 48], this

suggests that therapy continuation should be pursued
whenever possible, even in those patients showing com-
plete response to treatment. Notably, there is strong
evidence that global health and most functional and
symptom domain scores improve significantly in favor of
the combination therapy group compared with BRAFi
alone [49-51].

Finally, to optimize the efficacy and the different
spectrum of toxicity with targeted therapy and im-
munotherapy, clinical trials are currently underway
to elucidate whether sequential and/or interrupting
administration of BRAFi and MEK], also in combi-
nation with different treatment approaches (mainly
immunotherapy), could optimize disease response and
outcomes (see further section).

Perspectives

The combination of BRAFi and MEKi has revolu-
tionized the treatment of patients with metastatic mela-
noma. However, despite the unquestionable improve-
ment in the response rate and disease control obtained
with combined targeted therapies, acquired resistance
eventually develops in more than half of patients after
approximately 12 months from the beginning of treat-
ment [51]. Significant efforts are ongoing to understand
how to obtain the best response by combining BRAFi
and MEKi and how to sequence or combine targeted
therapy with ICIs. Most importantly, biomarkers and/or
clinical features should be identified to select patients
with BRAF mutant disease who can benefit more
from BRAFi plus MEKi and those who could obtain
better disease control with a planned sequence or an
upfront combination of ICIs in association with BRAFi
and MEKi.

There is plenty of evidence that BRAFi and MEKi
have immune-modulatory properties [52]. BRAFi can
downregulate immunosuppressive cytokines, decrease
the recruitment of regulatory T cells (T regs) and
myeloid-derived stem cells (MDSCs), and increase
major histocompatibility complex (MHC) class I and
antigen expression. Blocking the MAPK pathway in in
vitro cell lines leads to an increased antigen expression
and enhanced reactivity to antigen-specific T lympho-
cytes [53]. Although in in vitro experiments, MEKis may
promote a T cell suppressive microenvironment [54, 55],
in tumor biopsies from melanoma patients receiving
BRAFi and MEKIi (either alone or in combination),
there is evidence that blocking two steps in the MAPK
signaling, the effects are similar on the immunosuppres-
sive microenvironment [55-57].

Despite promising preliminary results, however,
most clinical trials investigating the combination of ICIs
with targeted therapy failed to demonstrate a signifi-
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cant improvement in terms of ORR and survival rate
for the triple combination, at the expense of increased
toxicity [58, 59]. The only phase-III trial demonstrating
a superior PFS for the combination of ICIs and targeted
therapy was the IMspire150. In this randomized trial,
514 patients with unresectable stage I1Ic-IV, BRAF V600
mutation-positive melanoma were randomly assigned
1:1 to atezolizumab, vemurafenib, and cobimetinib or
atezolizumab placebo, vemurafenib, and cobimetinib
(the control group) [60]. At a median follow-up of
18.9 months, PFS was significantly prolonged with
atezolizumab versus control (15.1 vs. 10.6 months;
p = 0.025). The most common treatment-related AEs
in the atezolizumab and control groups were increased
blood CPK (51.3% vs. 44.8%), diarrhoea (42.2%
vs. 46.6%), rash (40.9%, both groups), arthralgia (39.1%
vs. 28.1%), pyrexia (38.7% vs. 26.0%), increased alanine
aminotransferase (33.9% vs. 22.8%), and increased
lipase (32.2% vs. 27.4%). Overall, 13% of patients in
the atezolizumab group and 16% in the control group
stopped study treatment because of adverse events [60].

In the context of combining targeted therapy with
immunotherapies, phase I and I/II studies are investi-
gating the combination of BRAFi + MEKIi with new
molecules, like heat shock protein 90 inhibitor (Hsp90i)
(NCT02721459), colony-stimulating factor 1-receptor
inhibitor (CSF-1Ri) (NCT 03101254), and cytokines
like IFN and IL-2. Further innovative strategies in-
clude the combination of standard therapies (namely
BRAFi and chemotherapy) with adoptive cell transfer
(ACT) and/or tumor-infiltrating lymphocytes (TIL).
Given that such combinations may not be suitable for
all patients, in terms of toxicities but also of increased
costs, clinical trials are investigating the best sequential
regimens of BRAFi + MEKi and ICIs. The rationale
behind sequential strategies lies in different kinetics of
response between combo-targeted therapy and immuno-
therapy. Patients with baseline unfavorable prognostic
factors (i.e. elevated serum LDH, high tumor burden)
are less likely to respond to upfront immunotherapy
but could benefit from immunotherapy once LDH
levels are normalized and the tumor burden reduced
with BRAFi + MEKi-based induction treatment. The
SECOMBIT study, a randomized three-arm phase-II
study with no formal comparative test (NCT02631447),
was started to investigate the best sequential strategy of
treatment for patients with BRAF mutant melanoma. In
this study, 251 patients were randomized to Arm A (en-
corafenib plus binimetinib until progressive disease,
followed by ipilimumab and nivolumab until progres-
sive disease), or Arm B (ipilimumab and nivolumab
until progressive disease, followed by encorafenib
plus binimetinib until progressive disease), or Arm C
(encorafenib plus binimetinib for 8 weeks, followed by
ipilimumab and nivolumab until progressive disease, fol-

lowed by encorafenib plus binimetinib until progressive
disease) [61]. The study primary endpoint of OS was met
in each arm; the median OS was not reached in any of
the treatment arms. The survival rate at 2 and 3 years
was 65% and 54% in arm A, 73% and 62% in arm B,
and 69% and 60% in arm C, respectively. Total PFS rate
at 2 and 3 years was 46% and 41% in arm A, 65% and
53% in arm B, 57% and 54% in arm C.

Similarly, the DREAMseq study randomized
265 patients with treatment-naive BRAF V600 posi-
tive metastatic melanoma to receive step I treatment
with nivolumab plus ipilimumab (arm A) or dabrafenib
plus trametinib (arm B). Upon disease progression,
patients were enrolled in step II of the trial: patients
in arm A switched over to dabrafenib plus trametinib,
while patients in arm B switched to nivolumab plus ip-
ilimumab [62]. At a median follow-up of 27.7 months,
PFS showed a trend (p = 0.054) favoring patients in arm
A. As for OS, a 20% difference in survival was observed
(p = 0.0095) at the 2-year time point (72% and 52% for
arm A and arm B, respectively) [62]. Even though these
preliminary data are interesting, results from these two
studies do not consent to do derive significant recom-
mendations to be used in the clinical practice.

Another interesting strategy to synergize the effect
of BRAFi +/- MEK:i is represented by inhibition of the
cyclin-dependent kinase (CDK) 4-6, which is a highly
dysregulated pathway in melanoma. Evidence from in
vitro and in vivo studies of the upfront combination of
the CDK 4/6 inhibitor palbociclib in combination with
BRAFi and/or MEKIi seem to evade cell resistance and
induce sustained tumor regression [63, 64]. Moreover,
co-targeting of MEK and CDK 4/6 seems to have thera-
peutic effects in a subset of cutaneous melanoma regard-
less of their mutational status (i.e. NRAS, BRAF mutant,
as well as wild-type melanomas) [65]. The use of CDK
4/6 inhibitors in combination with BRAFi and/or MEKi is
currently under investigation in ongoing clinical trials [66].

Future clinical trials will include a consistent body
of translational research (baseline tissue and plasma
samples, with analysis of their dynamic changes during
treatment) that will help identify which patients are
more likely to gain long-term benefit from sequential
or combined targeted and immune therapy.

Conclusions

In the last decade, the medical oncology community
has witnessed a dramatic paradigm shift in the treat-
ment of metastatic melanoma. Targeted therapy with
BRAFi and MEKi has provided undoubted therapeutic
improvement for BRAF mutant disease. However,
patients’ selection and the onset of acquired resistance
during treatment are still problematic. One of the most
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fascinating fields of the investigation remains how to
integrate immunotherapy with targeted therapies in
BRAF mutated melanoma patients. There is, indeed,
strong evidence now supporting the notion that the
therapeutic efficacy of BRAFi and MEKi relies on
other factors including the immunomodulation of the
microenvironment. Nevertheless, several unanswered
questions remain, mostly regarding potential therapeutic
combinations and treatment sequencing. Prospective
clinical trials are needed to identify the best therapeutic
strategy for the treatment of BRAF mutant melanoma
and to further improve therapeutic results in this setting.
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